Abstract. The paper presents characteristics of a meadow community with Trollius europaeus, threats posed to the community, and proposals for active protection thereof. The study was carried out in the "Łąki w Komborni" Natura 2000 site (PLH 180042) in the Podkarpacie Province (SE Poland). In 2015, 20 relevés were taken with the Braun-Blanquet method and they are presented in a synthetic table. Additionally, the number of clumps, the number of flowering shoots per clump, and the height of flowering shoots were determined. The community with Trollius europaeus was classified into the alliance Molinion caeruleae with Selinum carvifolia, Galium boreale, Succisa pratensis, Betonica officinalis, Gladiolus imbricatus, and Carex tomentosa as characteristic species. Scrub species, in particular Filipendula ulmaria, had a substantial share, which indicated long-term abandonment of land use. The community also comprised rush species (Carex gracilis, Phragmites australis) and a numerous group of species from the order Arrhenatheretalia (e.g. Geranium pratense, Alchemilla monticola, Galium mollugo, Arrhenatherum elatius) and the class Molinio-Arrhenatheretea (e.g. Lathyrus pratensis, Alopecurus pratensis, Ranunculus acris, Poa pratensis). Abandonment of extensive land use leading to progressive secondary succession is the major threat to phytocoenoses with Trollius europaeus. To preserve meadows with Trollius europaeus, active protection involving mowing and removal of biomass is recommended.
Introduction
The globeflower (Trollius europaeus L.) species has a Euro-Siberian range covering nearly the entire Europe and western Siberia (Piękoś-Mirkowa & Mirek 2003; Zając & Zając 2009 ). In Poland, its occurrence is fragmented, with the greatest density in Lubelszczyzna region, whereas in Podkarpacie the species is very rare (Zając & Zając 2001) . In our country, Trollius europaeus is a strictly protected species (Regulation of the Minister of the Environment… 2014). Given the progressive loss of its habitats, Trollius europaeus has been included in many regional lists of endangered species. In Opolszczyzna, it is regarded as a critically endangered (CR) species (Nowak et al. 2008) . In Lower Silesia (Kącki et al. 2003) , Śląskie Province tuszkiewicz 2008); it is less frequent in rush communities (Kochanowska & Gamrat 2007) . The species grows on moist, eutrophic soils with acidic to alkaline pH. It prefers full light and moderately cold climate conditions (Zarzycki et al. 2002) .
Molinion caeruleae meadows are one of the richest meadow communities and a habitat for many rare and protected plant species (Trąba 1997; Kołodziejek & Michalska-Hejduk 2004; Řezníčková 2007; Suder 2007; Bochnak 2011; Kącki & Michalska-Hejduk 2010; Kulik 2014) . They also represent the most valuable semi-natural communities in Poland and Europe (Kącki & Załuski 2004; Zelnik 2005; Havlová 2006; Michalska-Hejduk & Kopeć 2012) . Molinion caeruleae phytocoenoses occupy specific moist habitats characterised by temporarily stagnant water in spring and low water levels in summer. They are semi-natural communities associated with human economic activity. They require appropriate agrotechnical treatments that will contribute to conservation of their floristic and phytocoenotic diversity (Załuski 2007) .
In the second half of the 20 th century, meadows underwent rapid transformation. Disappearance or transformation of meadow communities is usually caused by anthropogenic factors, e.g. abandonment of management, intensive fertilisation, or changes in water relations. This process has been progressing rapidly both in Poland and across Europe (Kotańska 1993; Michalska-Hejduk 2001; Załuski 2007; Řezníčková 2007; Sienkiewicz-Paderewska et al. 2012 , Trąba & Wolański 2012 . The reduction of the surface area of Molinion caeruleae meadows has resulted in a decline in biodiversity and loss of localities of a number of rare species (Jakubowska-Gabara & Kucharski 1999; Bochnak 2011; Michalska-Hejduk & Kopeć 2012; Trąba & Wolański 2012; Kulik 2014) . Based on the Habitats Directive, variable-moisture Molinion caeruleae meadows have been classified as habitats that should be protected as Natura 2000 areas (Directive 1992; Kącki & Załuski 2004) .
The aim of the study was to determine the species composition and characteristics of a community with Trollius europaeus located in "Łąki w Komborni", a Natura 2000 site, and to indicate threats as well as methods for active protection of the community.
Materials and methods
The field study was conducted in 2015 in the "Łąki w Komborni" Natura 2000 site (PLH 180042) located in Krościenko Wyżne Commune, Podkarpackie Province, (SE Poland). According to the physical-geographical regionalisation by Kondracki (2011) , the study area belongs to the Jasło-Krosno Basin mesoregion, which is a part of the Western Carpathians. In geobotanical terms, the area is a part of the Jasło-Sanok Depression (Oklejewicz 1993 (Oklejewicz , 1996 . The study area comprises the largest Trollius europaeus locality in the Jasło-Sanok Depression (Łuczaj & Oklejewicz 2001) , and the main aim of protection of this area is to conserve the variable-moisture Molinion caeruleae meadows (Łuczaj 2011) .
The investigations were based on 20 relevés taken with the commonly used Braun-Blanquet method. The nomenclature of vascular plants followed that proposed by Mirek et al. (2002) and moss names were adopted from Ochyra et al. (2003) . The phytosociological affiliation of species followed the system developed by Matuszkiewicz (2008) . Additionally, the number of clumps, the number of flowering shoots per clump, and the height of flowering shoots in Trollius europaeus were determined.
Results
The localities with Trollius europaeus in the study area are located within stands of disturbed Molinion caeruleae meadows from the alliance Molinion caeruleae. Variable moisture conditions and long-term abandonment of these meadows have contributed to development of a mosaic of diverse habitats. The meadow community in this area is one of the richest phytocoenoses in terms of the floristic composition, since the number of species per relevé ranged from 15 to 50 with an average number of 33. The total number of species in the community was 87 (Table 1) . Six species from the alliance Molinion caeruleae were noted, the most frequent of which were Galium boreale (S=III), Selinum carvifolia (S=IV), and Succisa pratensis (S=III). Other species, i.e. Carex tomentosa, Gladiolus imbricatus, and Betonica officinalis, were characterised by low stability and insignificant coverage.
A substantial share in the community was noted in the case of scrub species characteristic for the alliance Filipendulion ulmariae. Filipendula ulmaria, which was a dominant or co-dominant species in all the relevés, was particularly abundant (S=V, D=3000). High stability and coverage were also exhibited by Veronica longifolia (S=V, D=467), whereas the share of Lythrum salicaria and Lysimachia vulgaris was inconsiderable.
Cirsium rivulare (S=V, D=1876), a species characteristic for the alliance Calthion, and Geum rivale, i.e. a differential species with stability degree IV, were the permanent elements of the community. There were few representatives of the other species of this alliance (Juncus conglomeratus, Myosotis palustris, Cirsium canum), and they formed small clusters.
Species associated with Molinion caeruleae meadows were also represented by Sanguisorba officinalis (S=V) and Serratula tinctoria (S=III) from the order Molinietalia. The order with stability degree V included Angelica sylvestris and Lychnis flos-cuculi, whereas Deschampsia ] 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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ChAll. caespitosa was noted less frequently and was characterised by stability degree IV. Furthermore, the moss layer comprised sparse representatives of Climacium dendroides. A significant share of species characteristic for fresh meadows from the order Arrhenatheretalia elatioris and the alliance Arrhenatherion elatioris was noted. High stability degrees were exhibited by Geranium pratense, Alchemilla monticola, Galium mollugo, Campanula patula, and Heracleum sphondylium.
Species characteristic for the class Molinio-Arrhenatheretea represented a high share in the community. Lathyrus pratensis reached the highest stability degree and cover coefficient, whereas Alopecurus pratensis, Ranunculus acris, and Poa pratensis exhibited stability degree IV and inconsiderable coverage. The occurrence of other diagnostic species was marginal.
The phytocoenoses with Trollius europaeus were characterised by the presence of grass and sedge rush species. High stability and coverage coefficients were noted for Carex gracilis and Phragmites australis, which served a function of a dominant species in some stands.
Accompanying species with high stability but low coverage values were represented by Ranunculus auricomus and Veronica chamaedrys. This group also comprised single specimens of trees and shrubs, i.e. Alnus glutinosa, Rhamnus catharticus, Crataegus sp., Euonymus europaea, Padus avium, and Salix triandra.
Besides Trollius europaeus, two protected species Gladiolus imbricatus and Primula elatior were noted in the community.
In the study area, in total 1010 Trollius europaeus clumps were found in the relevés. The results of measurements of selected individual features of the population are presented in Table 2 .
Discussion and conclusions
The analysed meadow stands in the "Łąki w Komborni" Natura 2000 site, which was characterised by the presence of Trollius europaeus, were classified as variable-moisture Molinion caeruleae meadows. In the meadow vegetation in Poland, Trollius europaeus most frequently occurs in the association Molinietum caeruleae, where it reaches the highest coverage (Kochanowska 1995; Kochanowska & Gamrat 2007; Bochnak 2011) . In the northern part of the Śląskie Province, Kołodziejek and Michalska-Hejduk (2004) described a community with the globeflower as a typical variant of the sub-association Molinietum caeruleae cirsietosum rivularis due to the permanent presence of the differential species Cirsium rivulare. In turn, in the south-eastern part of the Silesian Upland, Babczyń-ska-Sendek (2009) reported the association Cirsietum rivularis from the alliance Calthion palustris with the analysed species. In Western Pomerania, phytocoenoses with Trollius europaeus were classified into the association Polygono bistortae-Trollietum europaei comprising two sub-associations Polygono-Trollietum caricetosum nigrae and Polygono-Trollietum filipenduletosum (Ćwikliński & Jasnowski 1997) .
The species was also noted in rush communities, where it formed single clumps limited by expansion of Phragmites australis (Kochanowska 1995; Kochanowska & Gamrat 2007) .
Due to the abandonment of the Molinion caeruleae meadows, the community is rapidly colonised by Filipendula ulmaria, i.e. a species with a specific biology of development facilitating encroachment onto unmown meadows within a short time. Kochanowska (1995) described the occurrence of the globeflower in the association Filipendulo-Geranietum from the alliance Filipendulion ulmariae in central Pomerania. In turn, Dembicz et al. (2011) reported stands in central Poland with the globeflower in scrub communities from the alliance Molinion caeruleae comprising abundant Filipendula ulmaria specimens.
Furthermore, literature provides information about the distribution of Trollius europaeus in forest communities from the order Querco-Fagetea and fringe communities from the order Glechometalia (Ciosek et al. 2013 ). The authors suggest that the occurrence of the globeflower in forest communities supports the hypothesis that these are the primary habitats of the species in Europe. Primeval forests in Europe had a character of woodland pastures with open grasslands, whereas semi-natural meadows remaining after forest clearing are a secondary habitat requiring extensive management.
Investigations of the genus Trollius are also focused on determination of its ecological structure and morphological variability, which are used for assessment of the condition of the population and possibilities of its development (Antkowiak 1999 (Antkowiak , 2002 Juśkiewicz-Swaczyna et al. 2008; Muncaciu et al. 2010; Kostrakiewicz 2009; Kostrakiewicz--Gierałt 2012) .
In the study area, in total 1010 Trollius europaeus clumps were found and their number ranged from 1 to 250 per relevé (50 on average). The number of flowering shoots per clump was in the range from 5 to 14 (10 on average). Similar results were obtained in other regions of Poland: from several to 20 inflorescence shoots per clump in cen- tral Pomerania (Kochanowska 1995) , from 0 to 15 generative shoots in the Olsztyn Lakeland (Juśkiewicz-Swaczyna et al. 2008) , and on average 7 flowering shoots in the north-western Poland, as reported by Antkowiak (1999) . In turn, Kochanowska and Gamrat (2007) highlighted the contribution of mowing to development of a great number of flowering shoots (from 20 to 40). The height of Trollius europaeus in the analysed phytocoenoses ranged from 55 to 112 cm, (86.5 on average). The height of flowering shoots was estimated at 78-110 cm by Kochanowska (1995) , 43-75 cm by Antkowiak (2002) , and 22-60 cm by Juśkiewicz-Swaczyna et al. (2008) . The greatest height of generative shoots (100-112 cm) was noted in the Chociel valley by Kochanowska & Gamrat (2007) , who associated the results of the biometric measurements with meadow mowing practices.
Over the last years, semi-natural Molinion caeruleae meadows have been disappearing at an increasing rate, and phytocoenoses have been undergoing species impoverishment (Zalewska 1997; Kochanowska 2005; Havlová 2006; Załuski 2007; Řezníčková 2007; Michalska-Hejduk 2001; Michalska-Hejduk & Kopeć 2012; Kącki 2007 Kącki , 2012 Trąba & Wolański 2012; Sienkiewicz-Paderewska et al. 2012; Kulik 2014) . Trollius europaeus populations present in meadow communities are threatened with extinction. Abandonment of extensive land use, triggering progressive secondary succession, is the major threat to the species. Consequently, the structure and function of the community are disturbed, characteristic rare species disappear, and the area of these communities gradually decreases (Ćwikliński & Jasnowski 1997; Tomaszewska 2003; Kochanowska 2005; Kochanowska & Gamrat 2007; Bochnak 2011; Michalska-Hejduk & Kopeć 2012; Lemke et al. 2015) .
With time, unmanaged Molinion caeruleae meadows are transformed into scrub communities from the alliance Filipendulion, which was observed by Kochanowska (1995) in central Pomerania, Sienkiewicz-Paderewska et al. (2012) in the Biebrza valley, and Kulik (2014) in the Łęczna-Włodawa Lakeland. The long-term investigations conducted by Falińska (1989) confirmed that Filipendula ulmaria is the first to encroach unmown sites. In unmanaged Molinion caeruleae meadows, a decline in the number of species characteristic for the alliance Molinion caeruleae and, on the other hand, an increase in the number of species representing other accompanying communities can be observed (Kącki & Michalska-Hejduk 2010) . Such processes can also be observed in the study area, where Filipendula ulmaria was one of the dominant species. Bochnak (2011) and Kochanowska & Gamrat (2007) noted that the development of shrubs and trees largely inhibited the seed germination and the growth of juvenile Trollius europaeus specimens, which was confirmed by the study of Lemke et al. (2015) .
A severe threat is also posed by mown biomass remaining on the soil surface, which greatly limits species diversity and simultaneously promotes expansion of other species (Kotańska 1993; Kochanowska 2005) , induces changes in soil chemical properties, and inhibits germination of Trollius europaeus seeds (Lemke et al. 2015) . Digging out and transplanting Trollius europaeus to home gardens, which was noted in the study area, is another danger (Tomaszewska 2003) .
Intensive mowing and fertilisation are not recommended for conservation of Molinion caeruleae meadows, as they cause impoverishment of the species composition of the phytocoenoses and transformation toward communities with dominance of grasses, e.g. Deschampsia caespitosa (Kotańska 1993; Kącki & Załuski 2004; Suder 2007; Kulik 2014) . A common threat is the complete change in the land use category. Ecosystems undergo complete destruction and meadows are converted into arable land (Załuski 2007) . Such activities were noted in the study area as well, where some of the meadow stands had been ploughed and converted into crop fields.
Under rational meadow management, i.e. mowing and removal of biomass, Trollius europaeus has a chance to compete successfully with scrubs, e.g. Filipendula ulmaria and Anthriscus sylvestris, or tree and shrub seedlings (Kochanowska 2005; Kochanowska & Gamrat 2007; Lemke et al. 2015) .
Molinion caeruleae meadows are subjected to irreversible changes caused by human activity. Abandonment of land use immediately triggers the process of natural succession towards scrub and forest communities. Therefore, active protection measures, which include management practices aimed at conservation of these phytocoenoses, should be employed.
The results of the current study indicate a number of threats for the Trollius europaeus population, the most significant of which is the progressing secondary succession. Conservation of this vulnerable species will be possible upon application of active protection practices, i.e. annual or biennial late mowing and removal of mown biomass. Additionally, permanent monitoring that will reveal changes in the phytocoenoses is recommended.
